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Abstract 

We have measured the inclusive electroproduction of positive and negative 

hadrons in the quark fragmentation region using the streamer chamber at 

DESY. Data are presented in terms of the variable zp = p/v in the kine-

matic region 1.8 < W < 2.8 GeV and 0.3 < Q2 < 1.4 GeV2• The positive 

hadron distributions contain a strong proton component, After subtraction 

of the proton component and elastic rho events, the distribution 1/otot 

(do/dz ) for positive and negative hadrons agrees well with the corresponding 
p + -

distribution from e e annihilation (DORIS data). This behaviour supports 

the validity of the quark parton ooodel at s~rprisingly low Q2 
and W. 
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I. Introduction 

The observation in 1968 of approximate scaling of the total inelastic ep 

scattering cross section for Q2 
> I Gev

2 
and W > 2 GeV initiated the inter­

pretation of inelastic processes in terms of quark parton models. In the 

last few years an impressive amount of data has been accumulated from e+e-, 

ep and hp interactions which can be understood in terms of quark parton 

models 1- 3• However, most of these data were obtained at considerably higher 

energies than the region W = 2 - 3 GeV where the onset of scaling has been 

observed. 

We have measured the electroproduction of positive and negative hadrons in 

the transition region where scaling starts, i.e. 1.8 < W < 2.8 GeV and 

0.3 < Q2 < 1.4 GeV 2• We here report on a study of our inclusive data with 

the object of finding whether the scaling properties expected from the quark 

parton model apply at these low energies. 

We consider only the current fragmentation region, where the quark parton 

model leads to specific predictions 2 

I) 

2) 

There should be an excess of positive over negative pions. 

The sum of the TI+ and TI cross sections is twice the n° 

cross section. 

3) The normalized distributions for (h+ +h-)-production from ep 

and e+e- interactions should be similar. 

In order to check the above predictions we eliminate from our data backgrounds 

not due to quark parton fragmentation. We subtract both elastic rho production 

y p + e0
p, and the substantial number of forward protons which are not pro-

v 
duced by current fragmentation. Having applied these cuts our data agree with 

the quark parton model predictions. 

In the following we discuss the experimental procedure in section 2, and the 

choice of the variable z used for analyzing the data in section 3. In sec­

tion 4 we present the zppdistributions and the h+/h- ratio in the current 

fragmentation region, Finally, the data are compared to predictions of the 

quark par ton model in sect.ion 5. 
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2. Experimental Procedure 

Positive and negative hadrons from inelastic ep scattering at 7.2 GeV beam 
energy have been detected in a I m streamer chamber at DESY. The data sample 
and analysis procedure is the same as that presented in ref. 4. This paper 
is based on 11300 reconstructed events in the kinematic region 1. 8 < W < 2. 8 
GeV and 0.3 < q2 < I .4 GeV2 . The data have been corrected for limited accep­
tance of the electron detection system and for particle losses in the 
streamer chamber. The Q2 and W dependence of the topological cross sections 
has been radiatively corrected. We have not, however, corrected the z distri­

p butions for smearing in z due to measuring errors and radiation. p 

We analyze the electroproduction of hadrons in terms of the process 

yvp-+hX 

assuming that the interaction is produced by a 'beam' of virtual photons, 
The connection between the electron and the virtual photon scattering cross 
sections can be found in ref. 5. 

3. The Choice of the Variable z 
p 

In the quark-parton model the virtual photon is assumed to be absorbed by 
a single quark, or antiquark, which, behaving as a free particle, is ejected 
from the target proton and subsequently fragments into the hadrons of the 
current fragmentation region, The breakup of the quarks is described by the 
fragmentation functions 2 Dh(z), which represent the probability of a quark, q 
q, giving a hadron, h, carrying a fraction z of the quark energy. For elec-
troproduction z is given in invariant form by 

' = 
2_:_hl 
(P , q) 

where q, P, and h=(E,p) are the 4-momenta of the virtual photon, target 
proton, and final hadron respectively. In terms of laboratory frame va­
riables 

z = E /v 
where E is the hadron energy, and V the photon energy. 
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In practice we use the common alternative 

z "'p/v 
p 

which does not require particle identification. At our energies z differs 
p from z by less than 3% for pions with z > 0. 2, 

In the current 
• • 

fragmentation region, z is closely related to the variable p 
xt= P/Pmax' z ::: Xfif E/v "'P 11 /v, that is, for high energies and positive p 
XF values not close to Xy= 0. Under these circumstances the invariant structu-
re function can be written 

E fi=_&~::;; 
d 3P 'IT dx,_dp_.._2 

'Zp~ 

n dz dp.l.2 
p 

f(zp,P.1. 2 l 

In most figures, however, we use the normalized distribution-li 

F(z p) 
I 

~--a 
tot 

do 

dzp 
where 

F (Z )dz is the number of particles produced per event in the interval p p -
z -+ z + dz , The inclusive 1T distributions in terms of the variable X p p p 

F and P.r_ have been presented for our data in ref. 4. 

4. The Zp Distributions for positive and negative Hadrons 

First, we describe the procedure used to subtract the elastically produced 
rhos. Roughly 7 % of the total inelastic cross section in our kinematic range 
proceeds via quasi-elastic p production YvP->- p

0
p. This process is known to be 

dominantly diffractive5
, It yields piOns which are mainly in the forward 

region (zp > 0 .3). Since we are interested in the quark fragmentation proper­
ties and not in the diffractive contributions we subtract the p contribution 
by omitting all yvp->-p 

+ -
11 n events with M 

TITI 

Fig. I shows the normalized distribution 

' do 
__..E.__ 
no tot dZ 

p 

< I GeV. 

'P 
F (zp) 

' 
for positive and negative hadron production in the interaval 2.2 < W < 2.8 GeV 

* For comparison with other particle beams we normalize f to the total inelastic 
ep scattering cross section, atot' and also integrate over PL• 
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and 0.3 < q2 < 1.4 Gev2 (full points)~. The crosses show the same data after 

the rho subtraction. Note that the latter cross section has been normalized 

to 0 - o . The p subtraction has little effect on the normalized h+ 
tot p 

distribution~, whereas the h- distribution is reduced in the current frag-

mentation region. The small excess of positive hadrons with zp > I has to be 

attributed to fast protons for which values of p > V are kinematically allowed. 

We now discuss the h+/h- ratio and its Q2 
dependence in the current frag­

mentation region. Fig. 2 shows the normalized distribution 

I 
F( z ) = a­

P tot 

da 
dZ 

p 

for h+ and h production in theW interval 1.8-2.2 GeV for two Q2 intervals. 

Clearly there 

sets at <q 2> 

is a large excess of 

= 0.4 GeV2 and <Q2
> 

positive over negative hadrons. The data 

= 0.9 Gev
2 

agree within errors. Fig. 3 

shows the corresponding distributions for 2.2 < W < 2.8 GeV. Again positive 

hadrons dominate over negative ones. We observe no Q2 
dependence. These 

trends are more clearly illustrated in fig. 4, where the integral of F(z ) 
. h .,- • . p2 from z = 0.4 to z = 0.9 1s shown. T e h h rat1o lS about 10 at <w> = GeV 

p p 2 
and decreases to 4.65 at <W> = 2.5 GeV. In view of the Q independence of the 

data we present in the following the data averaged over the interval 0.3 < Q
2

< 

1.4 Gev
2

. 

In our data, the low W value makes it kinematically possible for protons 

from target fragmentation to attain large zp values, thus contaminating the 

current fragmentation distributions. Since current fragmentation is expected 

to produce only a small fraction of protons, the proton background should be 

removed from our data before comparison is made with other processes, such 

as e+e- + hadrons. Furthermore, the electroproduction of protons is strongly 

~) The total inelastic YvP cross section was determined by normalizing our 

data to the total inelastic cross section measured in a single arm expe­

riment6. For consistency with our previous paper
4 

we have excluded events 

with visible strange particle decay (I% of the events) both from the in­

clusive data and the above total cross section. 

**)This implies that positive hadrons (consisting of n-t and protons) from rho 

events have the same z distribution as those from non-rho events. 
p 
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7-10 W dependent and the proton component largely explains the strong W depen-

dence of F(zp) for positive hadrons. 

We therefore remove the proton contribution from our distributions using the 

data of Ackermann et al. 9 which cover most of our kinematic region lo:-. Acker­

mann et al. have parametrized their data, which is independent of Q2, as a 

function of W, n2 and x, = ~~/p~ (eq. 5.1 of ref. 10). We have transformed 
.-.L II max 

their cross sections in small intervals of p1 from xF to z and have obtained 

the corresponding F(zp) distribution by integration over p}. We estimate that 

the resulting F(zp) is accurate to within 20 %. 

Fig. 5 and Table I show the F(zp) distribution for positive hadrons before 

(full circles) and after the proton subtraction (open circles), 

The crosses are from negative hadronslo:•. The h+/h- ratio is now reduced to 

values of 2 in agreement with measurements at 3.9 < W < 5.6 GeV where the 

proton contribution is sma11 11 ll¥~ 

5. Test of Parton Model Predictions 

In this section we compare our data to the reactions 
0 -t - + 

YvP + n X and e e + h-X 

with the object of testing quark parton model predictions in the energy 

interval 2.2 < W < 2.8 GeV. 

The parton model is specified by two sets of functions, the quark distribution 
- - - h 

functions q(x) (q = u,u,d,d,s,s) and the quark fragmentation functions Dq(z). 

x = q2/2MV is the fraction of the proton momentum carried by the quark. 

*) The data of ref. 9 cover the 
2 

region 0.08 < Q2 
< 0.64 

0.29 GeV
2

. The measured GeV, 0 < xF < I and 0 

be fitted by exp(-2.5 
2 2 

' p < 
2 " 

p..L) for xF > 0.4. 

Gev
2

, 1.9 <W < 2.8 

p~ distribution can 

We assume the same p2 dependence 

" up to p~ = 1 GeV , 

~) The peak in the h--distribution near z 
- ++ 

Yvp-+n6 

0.85 is due to the reaction 
p 

~++) We estimate that about IS - 20 % of the remaining positive hadrons are 

K+ mesons aor 2.2 < W < 2.8 GeV). This estimate is based on the K+ in­

clusive data of ref. 12 and on our h+ data. The K-/h- ratio is ex­

pected to be smaller than 0.1 7• 11 
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q(x) dx then gives the probability of finding a quark of type q in an inter­
val between x and x + dx. D

1
(z) d·.·, gives the probability of a hadron h frag­q 

menting from a quark of type q in the inverval z ~ z + dz. 

For electroproduction the quark-parton model of ref. 2 predicts 
..1_ clo 
o-.., 

tl<, ( ~·P -,n-X) 
_ (I a) 

n + rr-t - n 7l- .,.. 

..L 

""' 

= 
n 

~ ( uDc) Du 
~ 

" 

t U\X) Du } +Hd(x) Du +d~lDu +SIX) .Du + S~l!),;) 

("(<I + U(']) + ~ ( dlxl + d<<l +SilO +SO< I) 

~ (~,p ->T>+X) 
cl'lp 

!i 
9 

10 + n- n- - n+ n- r.-) (lb) 
( U(X) Du + ~()(l D" ) + ~ (ctO<l Du +dO<) Du + sooDo +Six) _D. = 

,, I - ) ~ -') u(XI + Ll()() + - (dOc! + d(xl + S()(j ... Goo) - 9 
Equations I lead to the prediction2 

j_[J" crto-r d;'"P ( 'tv P -.> n- X)+ da 
dep ( )(vP ._.,+ x)] X 

v• n~ 

D" + D. 

=2 D1To 
" 

Qualitatively, we expect an excess of 

.1:_ da 
O:...r dep (~vP ->rr"X) 

+ - + TI over 1T , since 1T are formed more 

( 2) 

easily than 1T from the dominant u quarks; the u quarks dominate over the d 
quarks by virtue of their greater probability of occurrence in the proton and 
their larger coupling to the virtual photon, 

The distribution for e+e- annihilation (neglecting the small contributions from 
s and S quarks) can be related to the electroproduction distribution by 

j_ 
Gh,t 

do ( 
cl<p '6vP-->h±X) = ~ -~--

2 Vto+-

do­
clitp 

(e+e-->h± X) (3) 

The factor 1/2 in Eq, (3) arises from the fact that two quarks are fragmenting 
in e+e- annihilation. 

The distributions of F(z) ==_l__~ 
p otot dzp 

using eqs. la and b with the parametrization of-D(z) and 

have been calculated forTI+ and " electroproduction 

u(x),u(x) ... , given in ref, 2. The resulting curves are shown in fig. 5 and are 
in good agreement with the data. 
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We now compare our results with other data to test the relations of eqs. 2 and 
3. In figure 6 we compare our h distribution (which consists of TI mesons to­
gether with a ~ 10% K contamination) with recent data of Berger et al. 

13 
on 

n° production (full circles) at W = 2.8 GeV and Q2 
= 0.45 Gev2

. Generally the 

" data- are lower than the n° data. When we average our n and n+ data (using 
the open points in fig. 5) we find that eq. (2) is well satisfied at our 
energies (open circles), The same agreement was observed in ref. 13 using data 
at higher W. 

Fig. 7 and table I show our h + + h data (with protons subtracted). The curve 
. I I dO + - + 

( e e "* h- X) measured recently by the PLUTO gLves the average of -2 ---- ---d 
0 tot zp group at W = 3.6 Gevl4, The PLUTO data agree with our results and also with 

the corresponding data from DASPIS *. We emphasize that the good agreement 
of our electroproduction data with the DORIS data is only obtained after sub­
tracting the contribution of forward scattered protons and elastic rho pro­
duction. This has not been done in previous comparisons of electro- and muon­
production data with the SPEAR results 2

•
17

•
18

, 

The comparison in Fig. 7 is made for the sum of TI and K mesons (neglecting the 
relatively small proton contribution in the e+e~ data). We note that although 
there is general agreement there may be some differences in detail. For example 
there is a tendency for more kaons to be produced in e + e- annihilation 15 than 
in electroproduction 11 

however, this seems to be compensated by a higher TI 
yield in electroproduction for z > 0.6 (see figs. 4 and 5 of ref. 13). p 

6, Summary and Conclusions 

h d () dO",.. + We ave measure the F z = ---- -d- dLstrLbutLon for electroproduced TI and - P a t9t 2 P 2 2 11 mesons in the kinematic regwn 0.3 <; Q < 1.4 GeV and 2.2 < W < 2.8. The 
contribution from diffractive p

0 
production, y p ~ p

0
p, has been subtracted. v 

Furthermore, the background from fast protons, which is significant at our 
energies, has also been subtracted, The resulting distributions have relative kaon 
contributions of K-/TI- ~ 0. I and K+/ n+ ~ 0.2. 

•) In contrast the spectra from SPEAR 16 are high by factors of 2-3 for 
zp > 0.6. 
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Our resulting F(z ) distributions have been compared with expectations ob­

tained using the :uark fragmentation functions, D (z), of Feynman and Field2 

' ' 1 d' 'b . b ' d q 0 IJ d +- h±Xl 4 and W1th equ1va ent 1str1 ut1ons o ta1ne from YvP ~ n X an e e ~ . 

The agreement is found to be good. 
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Table 1: F(z) = --1--~ for o.3 < Q2 
< 1,4 GeV2 and 2,2 < W < 2.8 GeV p crtot dzp 

Elastic rho event& have been excluded as described in section 4. 

proton + 
y1f(z ) z "' P /v FTT-(z ) Fh+ (z ) F (zp) (calculated,' FTT(zp) +. F1f (z ) 

p p p p p 
from ref. JO) 

0 - 0.05 l. 13 ± .10 1.47 ± 0.12 

0.05 - 0.10 2.73 ± .16 4.14 ± 0.20 
0.10 - 0.15 2.90 ± .20 4.51 ± 0.26 
0.15 - 0.20 1.68 ± .11 4.44 ± .24 

0.20 - 0.25 l. 54 ± .12 3.89 ± .2] 

0.25 - 0.30 I. 16 ± .10 3.37 ± .24 

0.30 - 0.35 0.77 ± .07 2.66 ± .16 

0.35 - 0.40 0.59 ± .08 2.00 ± .17 
0.40 - 0.45 0.48 ± .08 1.59 ± .13 
0.45 - 0.50 0.23 ± .04 ]. 70 ± .19 
0.50 - 0.60 0.180 ± .21 0.98 ± .07 0.46 ± .03 0.52 ± .07 0. 70 ± .08 
0.60 - 0.70 0-087 ± .015 0.51 ± .05 0.35 ± .03 0.16 ± .06 0.25 ± .06 
o. 70 - 0.80 0.072 ± .014 0.356 ± .051 0.24 ± .03 0.12 ± .06 0.19 ± .06 
0.80- 0.90 0.087 ± ,029 0.146 ± .023 0.15 ± .03 0.00 ± .04 0.083 ± .045 
0.90 - 1.00 0.014 ± .008 0.112 ± .028 0.09 ± .02 0.024 ± .035 0.038 ± .035 
1.00 - 1.10 0.034 ± .013 0.07 ± .02 -0.036 ± .025 

There is a systematic un~ertainty of - 20% on the calculated values of FP(z) not included in the table. The pTT 
distributions include a ~10% K-contamination. The FTT+ distributions include a ~ 20% K+ contamination. 
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Figure Captions 

Fig, 1: 

Fig, 2: 

Fig. 3: 

Fig. 4: 

Fig. 5: 

Fig. 6: 

Fig. 7: 

Inclusive 

YvP + h X 

hadron distributions for reactions YvP -+ h ;,X and 

for 2.2 < W < 2.8 GeV and 0.3 < Q2 < 1.4 GeV2 • 

Full points: elastic rho included. Crosses: Elastic rho events were 

excluded by omitting all YvP + pn+TI- events with M <I GeV. The 
TITI 

latter distribution has been normalized to a - a 
tot p 

Inclusive hadron distributions for 1.8 < W < 2.2 GeV and two q2 in-

tervals (elastic rho excluded as in Fig. 1). 

w is the scaling variable w= 1/x =2M v!Q 2 • 
p 

Inclusive hadron distributions for 2.2 < W < 2.8 GeV (elastic rho 

excluded) 

I do · 
Average value of --- --d for the interval 0,4 < z < 0,9 as a 

2 cr-t.,t z p 
function of Q for positive (squares) and negative hadrons (circles). 

The elastic rho contribution is excluded. 

a) 1.8 < W < 2.2 GeV, b) 2.2 < W < 2.8 GeV. 

Inclusive distribution of positive (full points) and negative 

hadrons (crosses) for 2.2 < W < 2.8 GeV and 0.3 < Q2 
< 1.4 Gev2 

(elastic rho excluded). The open points are from positive hadrons 

after a subtraction of protons. The subtraction is based on proton 

data of 

curve) 

ref. 9. The+ curves are predictions for y vP + 1r X (full 

and YvP ~X (dashed curve) using the formulae of ref. 2, 

Inclusive distributions for the reactions y vP -+ h -X (crosses) from 

this experiment (elastic rho excluded) compared with 

(full points from ref. 13), The open points show 1/2 

from this experiment. 

y p -+ 1l"OX v. -
(F1f (z) + F1f (z)) 

Inclusive distributions of the sum of positive and negative hadrons 

(full points). The open points were obtained after a subtraction 

of forward emitted protons. The curve gives the average h+ + h 

distribution from e+e- + h±X (ref. 14) at an electron beam 

energy of 1.8 GeV. 

The spectra of ref. 14 are not corrected for radiative effects. 

We therefore normalized these data to a total e+e- cross section 

which is also uncorrected for radiation (~tot = 18 nb; private 

communication from A. Backer). 
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OESY YvP-- h~X (elastic rho excluded) 
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